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(57) ABSTRACT 
[PROBLEMS] 

To solve a problem of a parasitic transistor caused when a 
complementary pair is formed with an NPN transistor and a PchMOSFET by 

10 providing a highly concentrated layer at a lower part of the PchMOSFET 
[SOLVING MEANS] 

A collector deriving region 38 of an NPN transistor 2 is connected to 
an output terminal 4. A P channel MOS 2 is formed on another island region 
35, its back gate 46 is surrounded with a P+ deriving region 40 and a P+ 

15 buried region 39, and surrounded further with an N+ deriving region 41 and an 
N+ buried layer 33. A drain region 45 and the P+ deriving region 40, and the 
N+ deriving region 41 are connected to the output terminal 4, or, the P+ 
deriving region 40 is connected to an ground potential (GND) and the N+ 
deriving region 41 to a power source potential (VCC). Thereby, even if an 

20 electric potential of the output terminal 4 exhibits above VCC or below GND, 
the problem caused by a parasitic transistor is prevented. 

[0005] 

[Problems to be solved by the present invention] 
25 However, it is known that there occurs a reverse electromotive force in 
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a coil load such as a motor, associated with rotation/stop of the motor and the 
potential of an output terminal 4 becomes higher than a VCC potential or 
lower than a GND potential. For this reason, when the potential of an output 
terminal 4 is developed higher than a VCC potential, a parasitic PNP transistor 
5 22 operates in which a drain region 21 is an emitter, an island region 15 of the 
P channel MOS 2 is a base and a substrate 11 is a collector, or when the 
potential of an output terminal 4 becomes lower than a GND potential, a 
parasitic NPN transistor 23 operates in which an island region 15 of the NPN 
transistor is an emitter, a substrate 11 (separating region 14) is a base and an 
10 island region 15 of the P channel MOS 2 is a collector, which cause a problem 
of malfunction in an IC or triggering of a parasitic thyristor. 
[0006] 

[Means for solving the problems] 

The present invention is carried out in view of the foregoing. 

15 According to the present invention, it is possible to reduce reverse p of a 
parasitic transistor and to prevent parasitic influence from appearing by 
surrounding a back gate portion of a P channel MOS with a 
one-conductive-type buried layer and a spreading region, and further with a 
reverse-conductive-type buried layer and a spreading region. 

20 [0007] 

The parasitic influence is also prevented by using a potential 
connection providing a parasitic transistor in which there does not occur 
current leakage in the substrate. 
[0008] 

25 [Embodiments of the present invention] 
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Hereinafter, the present invention will be described in detail with 
reference to the figures. Fig. 1 is a cross-sectional view for describing a first 
embodiment of the present invention. In Fig. 1, 31 denotes a P-type silicon 
semiconductor substrate, 32 denotes an N-type epitaxial layer formed on the 
5 substrate 31 by vapor deposition, 33 denotes an N+-type buried layer formed 
buried in a surface of the substrate 31, 34 denotes a P+-type separating 
region which runs from a surface of the epitaxial layer 32 to the substrate 31 
to separate the epitaxial layer 32 into a plurality of island regions 35, 36 
denotes a P-type base region of the NPN transistor 1 formed on a surface of 

10 an island region 35, 37 denotes an N+-type emitter region formed on a surface 
of the base region 36, 38 denotes an N+ collector deriving region which runs 
from the surface of the island region 35 to the N+ buried layer 33, 39 denotes 
an P+-type buried layer formed superposed on the N+ buried layer, 40 
denotes a P+ deriving region which runs from the surface of the island region 

15 35 to the P+ buried layer 39, 41 denotes an N+ deriving region which runs 
from the surface of the island region 35 to the N+ buried layer 33, 42 denotes 
a gate electrode of a P channel MOS 2, 43 denotes a back gate of an N-type 
layer surrounded with the P+ buried layer 39 and the N+ deriving region 41, 
44 denotes a P-type source region formed extended to the side of the gate 

20 electrode 42, 45 denotes a P drain region formed extended to the side of the 
gate electrode 42, 46 denotes an N+ contact region for back gate. The P+ 
deriving region 40 fully surrounds a P channel MOS2 to separate therefrom 
the P+ buried region as well as the back gate 43 electrically. Further, the P+ 
deriving region 40 is surrounded with the N+ deriving region 41 . 

25 [0009] 
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Following a circuit diagram of Fig. 2, by mans of an aluminum 
electrode wiring on the IC, the emitter region 37 of the NPN transistor 1 is 
connected to a ground potential GND, and power supply voltage VCC is 
applied to the back gate contact region 46 of P channel MOS2 and the source 
5 region 44. The collector deriving region 38 of the NPN transistor 1 is 
connected to an output terminal 4 (bonding pad) on the IC, while the drain 
region 45 of P channel MOS 2, the P+-type deriving region 40 and the 
N+-type deriving region 41 are connected to the output terminal 4. The 
output terminal 4 is connected to a connection lead outside of the package 
10 and then to a coil load 3 at the set side. The ground electrode GND is 
applied to the substrate 31 and the separating region 34. 
[0010] 

In the parasitic transistor 22 as described in Fig. 3, the separating 
region 34 is a base, and the back gate 43 is a collector. In this configuration, 

15 the P+ deriving region 40 and the N+ deriving region 41 are positioned 

between the collector and the base. These P+ deriving region 40 and the N+ 
deriving region 41 are connected to the output terminal 4 to be at the same 
potential as the collector deriving region 35, thereby preventing a parasitic 
transistor 22 from occurring. 

20 [0011] 

In addition, in the parasitic transistor 23 as described in Fig. 3, the 
back gate 43 is a base and the substrate 31 is a collector. In this 
configuration, the P+ buried layer 39 and the N+ buried layer 33 ("the P+ 
deriving region 40 and the N+ deriving region 41" when seen transversely) are 
25 positioned between the collector and the base. These P+ buried layer 39 
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and the N+ buried layer 33 are connected to the output terminal 4 to be at the 
same potential as the drain region 45, thereby preventing a parasitic transistor 
22 from occurring. 
[0012] 

5 In addition, a PN junction between the back gate 43 and the P+ 

deriving region 40/P+ buried layer 39 is connected as a protective diode 46 to 
between the VCC potential and the output terminal 4. The PN junction of the 
protective diode 46 corresponds to a PN junction of small voltage forward 
rising Vf by a highly-concentrated anode region which allows the protective 
10 diode 46 to have characteristics enough to be embedded in the IC instead of a 
conventional external protective diode. 
[0013] 

Fig. 2 is a cross-sectional view for describing a second embodiment of 
the present invention. In Fig. 2, the same parts as those in the first 

15 embodiment are designated by similar numerals and description thereof is 
omitted. While the first embodiment utilizes potential connection such as 
prevents a parasitic transistor from occurring, in the second embodiment, a 
parasitic transistor not associated with the substrate 31 is accepted so as to 
cancel out energy of reverse electromotive force. 

20 [0014] 

More specifically, a ground potential (GND) is applied to the P+ 
deriving region 40 and a power supply potential (VCC) to the N+ deriving 
region 41 . In such a configuration, first, when the output terminal 4 exhibits a 
lower potential than the ground potential (GND) there occurs a parasitic 
25 transistor in which the island region 35 of the NPN transistor 1 is an emitter, 
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the separating region 34 is a base and an island region 35 forming the P 
channel MOS 2 is a collector, and current is allowed to pass from the N+ 
deriving region 41 to the collector deriving region 38 along the arrow 50 in Fig. 
2. With this parasitic current, energy of reverse electromotive force of the 
5 inductive load L is absorbed. On the contrary, when the output terminal 4 
exhibits a higher potential than the power supply potential (VCC) there occurs 
a parasitic transistor in which the P+ deriving region is a collector, the back 
gate 43 is a base and the drain region 45 is an emitter, and current is allowed 
to pass along the arrow 51 in Fig. 2. With this parasitic current, energy of 
10 reverse electromotive force of the inductive load L is absorbed. Here, in the 
integrated circuit, the switching speed of a PNP or NPN transistor is higher 
than that of PN junction diode transistor. 
[0015] 

Accordingly, since in the second embodiment, the inductive load L is 
15 returned to be in a stable state by current of the parasitic transistor, as 

compared with that in the first embodiment^ there is a merit of enhancing the 
switching speed of the inductive load. At this time, since parasitic current is 
actively passed from the P channel MOS 2 to the NPN transistor 1 , a design 
technique may be adopted such that blocks of P channel MOS 2 are arranged 
20 relative to a block of small signal circuit as shown in Fig. 3 and then, blocks of 
NPN transistor 1 are arranged next to the P channel MOS blocks. 
[0016] 

[Effects of the Invention] 

As described above, according to the present invention, a P+ deriving 
25 region 40 and an N+ deriving region 41 , and further, a P+ buried layer 39 and 



an N+ buried layer 33 are formed between the back gate 46 and the substrate 
31 . By connecting them to an output terminal 4, it is possible to prevent the 
parasitic transistors 22 and 23 from occurring due to reverse electromotive 
force of a coil load 4. 
5 [0017] 

In addition, since inevitably produced PN junction is buried as 
protective diode 46, the present invention has the advantage of reducing 
external components in number. Further, according to the second 
embodiment, since an inductive load L is returned to be in a stable state by 
10 working current of the parasitic transistor, the second embodiment has the 
advantage of enhancing the switching speed of the inductive load. 



7 



(19)B*H»»Wf <JP) (12)^lli^pTX*¥lX (A) (limafffin&ns^ 



WM^PIO — 107168 

(43)&gilB ¥fifcl0*P(1998)4 £24B 



(51)Int.Cl. 

H01L 21/8249 
27/06 
21/8222 



F I 

HOIL 27/06 



321 
101 



A 
U 



<2i)a»s* 


^SS^- 257100 




000001889 










(22)ffiSIB 


¥fiJc8^(1996)9^27B 










(72)#gB#§ 


±m mm 
























#a± £g »f- (*i«) 



(54) [3SBJJ©£«;] *SMS1K 



(57) [««|] 



[fRB] PchMOSFETCDTgBJd^iaKJlSJWl 
"TSCfcCfclK NPNh7>^^J:PchMOSF 
E T i: -CffittttS ft2J$ b fc i: § ®^*fc h^>VX*<Dr3 

«i3 8SiB*JS^4CglMt-So ffeCD^«^E3 5CPf 
t>*M40S 2£Jf2fiKU -£CDMy^y— h 4 

^®^H&N+«tB^4 1 iiH +MV)}h>frm 3 3-C-ffl 
tr. KU-f>«*S4 5fcP+«iB^«4 0, 33«fctfN + 
^m«^4 l£ffi*Jg?4£g$S-rSA\ XfctP+aHHJ 
«*£4 0 (GND) % N+3£tt}«*i£4 1 

asmta (vco c&si-rs. cnT-m*^4©«t4 

tfVCCJiU:, *fettGNDfeJ.Tt:§l3!pnfci:§-C-t»^ : 




( 

1 

imxm i ] -mmm<D*m&.&w.£, 

§i©ii»ii*JIi:> 
SUES. 

2 ] bub3 FW >HM«8na— 3ISS©1S^ 
CS8R u E.OHUI3 fH h58B-^«S©«^ 
i:Htif3^l8l««Ji:©fa©mi§3A««K:^bfci fc&l^f 

-»«M©«^i: Huf3c9-gl«^ i: ©IS© Sul3 M>mt3Hz ft 

[ft 4] -«*9[<Z>**fttMKi:* 
ttGWK®±K:^jEft b fciS»i©SM©^ * > + ;WI 

Hui33it:^^i'-v;i/^s^»b-r«»fflAS«*JKfi8f 

£-«3;3i©7}8tM*£i:, 

Lfc-jgmM©^-;*^^— XhU 
©^®{CBJ5KbfcjS»#*M©^^ vfffiM&^S. 

*- 5 * i © ta * h 5 > s? * * i: ; 

ffe© A^©Hul3»«©«at:a«6ji^fiK bfc&3Mi 

^©Jifeji^ah, 

H5f3a»ji^®t»faTa«)3i^^fiebfc-^sMffl« 

fuf3ffe© A«*£©3«® if £> H(Ji3-^»M©«H)ji^ 
^-re-S»M©M^i:, 

mJ§3-^«M©^ i: hu §3— #«M©««>ii^Jf T- ffl 

in^js»j!i*s©is^©*fflt:^ufc, -mmmcDv 

• K W >^:fc<fct*r-b«S*»?>fc£!g2©tB 
ii>Ji3SS l©Ui* h^>i?^^©rib^^5ai^JS?t:gE 
m!i3!g2©tH;b b5>i>;**© >^*HiJI3ai^j 



2 ) ftH¥ 10-107168 

2 

[iff^il 5 ] hmI3 K W mif3— mnM<09M 

ic&m u K-omm 1* w >w$,% f]i3— 2$«s©^ 

2: t9tB£-*«tt t © M©H(il3ffe© A«££CigM bt^i: 

*&®Lt?z>m>£m. i i3«©#«(*««iHiBs. 

[if*JS6] BuI3-^»M©f»^{c«ia»{Si§, b5S3 
-Jliloi^ i: Huffi^SHi^ i: ©IS© jffllBflb® ASKS 
fc«fi*ffiS**ffT»Tb&Cfc*4Wi:1-4l|j^lffi 

io [if«iH7] Hug3m^?#^s©ft?gftg!M^n 
5ch&^®i:-rsif5t<a i &tz&4nm<D*mfoMm 

[%91<Z>I&HI&KIB] 
[0 0 0 1] 

y^*sw*bfe*aw«fc*iaistnu ^©s»e«* 
tc «t s 3f^»*©i»± iz mrzx, 

[0 0 0 2] 

20 im&<D&.mi h* ^ -otjgjfe© i ct-u v 

* fctB^ilsf^ t -T £ N P N K 7 > £ffi* b ^ >i? 
^^©-StU StNPN h^>'>^^i:liM*f4*f 

i7•;^[H!K{c: < J;^)igl!J■|-5ci:7&sfft)^^TV^5„ hu83*| 
«^S«c-r N^>^^^i;bT<iPNP h-5>i?;**# 
ffl^e>jx-CV>fctf, i£3p©it5#SI&fbt£ <fct)BiCMOS 

i: bt P 5=-v >^.;HM0 S F E t zmm-T S c i:*sfT 

30 [0 0 0 3] »f*S|5|ISftia4t:Si-. |S10t:43V^T> 
l{±NPNM©tti^Jh^>^^^, 2ttP^>>^.;i/M 
©M0Shv>^^^ x 3tttB^?4t^$nfc3 
5ttPf t>^MMOS h7>^^ 2© 
4*— ftC^^tlfc-f >>»n--^[p1ES, 6ttNPNh7> 
l©ig«>Il]KT?S5. NPNh7>^^lffl3 

si^n, pf+>*;i/fMos 2©v— xifimmMibv 
cct, Hn > >^ai^Jg^4c^^nTi>s„ -f> 

^lH]M5^t<t OPf+V^MOS 2fcNPNh 
40 7>s>;** l ttti^fflc^fflie^Epni^^ ^ntcfc 
5Pft>*;i/h7>^*2SfcliNPNh7>i;7 
*©-##ONLfk##OFF-f 

3 (CiE^lolSfctt^lpIfflmgS^iiSbT^^-^ <£IE/ 
jt^ |Sl (C [Hlte $ -S t> © T- 5 . 
[0 0 0 4] 2o©tB^jh7>^X^©«fig&E5{C^ 
-to 1 lttPffl©*SWMfc«L 1 2liNM©it^^-> 
-^;i/Jl, 1 3ttN+««)ii*iS N 1 4ttP+aMlA. 

i 5tt7>is««i 4x-&mztitz^z***>+jvm 1 2 

^e>^cSA«^ 16ttPS©^-7i^ 17ttN + 



( 3 ) 

3 

5o NPN l©3U**#fcB«W£l 8i:P 

[0 0 0 5] 

[?6Mgt!l«t7J:t5ai] b*>bfc#6>, ^— * 

#|S|;£«:*J##&£U Hi*^4cD«{4A J VCC*{4J; 

t) ]S < Xtt G N D »{4«t >3 ffi < * 5 d JIT Vn 

5. -£©£«>, ffi^Sg? 4#VCC«{£«fc!)?g<;S:ofc 10 

Kl"f>««2 1ti5^, Pft>^ 
MOS2CMS1 5£^-;*, »«1 i*Z3V>7?t 
-T53F£PNP t*7>i>;**#2 2#, tB;W?4#G 
ND«{£«fc!)<£<&ofci§i!rK«:NPN h^>^^^ 1 
©&$W£ 15|xv^, S«l 1 (ftmmW, 1 4 ) £ 

kt5§4NPN h7>y^ 2 3#9M£U I C F*3SP 

T-ommttttyz.-yj ■;;**©}-';#£&£ &£©*;£ 

[0 0 0 6] 20 

©«SK:i£«W£;**ifc*>©-t% PftV?M0S©M 

[0007] muzmnmm.ifi^^^o^ 

»K ^££&S©eaS£J8?i3bfcfc©T-;&5. 
[0 0 0 8] 30 

£fff8B£fi&S8-r£o Sl&#$etB©^l©HJ£©fl2<g£ 
i!£Bjj-r£fc«>©BPrffiET-&3„ PI^Hib^Tv 3 1ttP 
MOis U 3 >-£S¥f£S1g, 3 2 ttSffi 3 1 ®±{C^fflfig 
ftifcCfc 5MUtNSfflxt^t->+;n x 3 3 tt^ 
«3 l*fflt:ffitt)^T-^bfcN + S©ffl»>i^lS^ 

3 4l±aiir*:^>*;i/jl3 2 3*®a»&»g3 1 Stl 

£ P +S©7>&«*& 3 6 &m&n 3 5 (D&ffilCM.f$. b 
fcNPN h7>y^* 1©P^©^— 3 7tt^ 40 
-*«££3 6m®(cJKfiEbfeN+S©^^ vfWAs 3 
8fcfc6«#3 5*B*>f,N+i«)M13 3tIt5N 

+m<D3U9*mtiiW&> 3 9ttN+a»ii^Ji(cM 

bTff$j£bfcP+S©Jt«>j&^Jix 4 0li^3 5^ 

@*» s, p 3 9 tc st-r s p +s©«tb«^ 

4 lttmSii£3 5*HA»e>N+iI«>2^Jf 3 3tc®i-S 
N+^tB^x 4 2ttPft>^Jl/M0S2O^-M 
«S. 4 3ttP+a»ii^®3 9i:P+3?tHfgii£4 1 iiX- 
I*ntNSi)!pf)«:5nyi?y-h, 4 4tty-H 
S4 2©l8Cffigtffcfi&bfcPS©V>-*II*& 4 5tt|§I 50 



WPH 1 10-107168 
4 

t<y-bwm4 2©aa{cis^figbfcPS©KU'f > 

4 6ttM-v^y-hffl©N + 3>i'^MafJ& 
So P+S^ili^4 0llPf^>^l/MO S 2£ffe£ic 
HX !) ffl/^T-* >K P+SK>ji^®i:»lc;N*^^y-h 4 

N+gWSfU3£4 1#&>>BA,T-V^. 
[0 0 0 9] ®2©l§]S&ia£ftV\ IC±©7;i/5iI 
ESCi^T, NPNh7>^^l©x5y^3 
7ttjg%«14GNDt: > Pft>^M0S2©M'^ 

S&VCC#f?l;bD£ft£. NPNb7>^^l©3P 
**aStBffi*£3 8ttl C±©W2;3SH i 4 (jRV^-fV^ 
K) fc8a*Stl, Pft^MOS 2©KW > 
f«4 5^ P+^«4 0, *J;UN + #ai««4 1 

m 3 4 tc nmt&msL g n d #qua $ ti s . 

[0 0 10] H3T-«E-«.fe^h7>^^^ 2 2Bu # 
&«U£3 4£^— ^^v^^—b 4 3*3 1x^7^ ii-T 
3>©Tn *«MT-ttnu^^h^-^i:©raicP+^m 
1IU«4 0hN+J!Sai«Ja«4 liiffiit C 
n?>P+^Ui^4 0fcN+^tB^4 1 tlitfj^ig? 

4 tgi$ =i i/ * *? mmmm 3 5 1 a © 

T% 3F£h5>y** 2 2©^$:i55±T-tSo 
[0 0 1 1 ] £fcEI3T-i£^fc^£l^>5;x* 2 3 
fcS\ A.^y-h4 3^-^ S«3 

-rs©-c*> *Btjg-e&^— ^t^w^^toncp+i 

toii^Jf 3 9i;N+:lS«>j&iWf 3 3 (^#|Rlt%^nK 
P+^ffi-SWU 0i:N+»tH^4 1) LifiULm-T^z 
iiC^So II] b < P +ffi«>ji^Jf 3 9i:N+a«)ii^® 

3 3 tttm7J^4tlg^$tvT KW >«t££4 5fcl§I 
m&C&S©-?, 3F£^>i>** 2 2©S6££©iitT- 
IS. 

[0 0 12] SO^T. ;l«7*y-l> 4 3 fcP+a^ttl^ 

4 O/P+S^ii^JlS 9 £<DPUt£-&&VCCmtiLt 

SCfclc^So «S^f^--H4 6©PN^Ii«SS 
©7> - K«^5C «fc ») m^m±*>±ifi *) 1EV f ©/Jx$ 
^PNgh^i:T-gS©-CN 

-HJcf^t)?) I Crt«CT-tS«Jt©^S^fe-&S» 

[0 0 13] S2J±*^©^2©flSS©Ji$ffi«:giH^^- 
Sfe»ffl»r®ET*feS. 5fe©SIJS©^i:|5]-@^ftca: 

isi-©#^£ttbT&i8£«BS-ra. mioBmifi&g. 

t»U ^2©JB.«T-tt»ffi3 l#H-£b&CV§F£l^ 

>^^^^g^b, »s^i6|g«*©^^;u^-&^-v> 
[o o i 4] jy*8<jKfci:, p+^mt^4 oc&ifem& 



( 4 ) 

5 

(GND) N+«&m#«*4 lfcSagStfc (VCC) 

(4 (GND) J: Dffiv<>«ffiK:ghMxfei:& % NPN h 

l©^$Mi£3 5Sx?s(^ #gt$W£3 4£^ 
— *x P5=-v>^;i/M0S25MbfeSW3 5^3 

4 l^e,N + 3lx^^aittS^3 8^0^W5 0©)g 

4#»®«{4vcc<t^^«&K5i*>ftfct# > p+ io 

•f >«*£4 5 4^.5. ^^fc^-S^h^^^^^^^C 
Ki5PNPXttNPNh5>y^0*i«^ 

[0015] «£ot\ sBiojBiBtit^T^ sg2©^s? 

#<§£«:)§;*-&£©-?:% Sfagttft^©;*^ >>^>^i&K 20 
*MOS2*>^NPNh7>^^ 1 ~.*«iB<Jfc:£F£ 



ttm*£ 10-107168 
6 

^£*fLT> P^CP5 L >>^;i/M0S2C7D>v^&, 
^©BSlCNPN Y=?yV7.5 lCDZfQyp%:WimT&tli 

[0 0 16] 

y^^-h 4 6 tS«3 1 i:©BtP+^[US^4 Oi: 
N 41, P +S«>a^Jf 3 9 i: N.+«K>a.» 

Jf3 3£7fcJ5KU Z.hC>itiitim?4lzmtii-rzzttZ 

^^2 2, 2 3©$g££BS±T-t£;flJja£*i-r3. 
[0 0 1 7] An*.T> ^qJiSSt){c:^bSPNjg^«S 
y-f K4 6t bTrtj@5T-£ 3©T\ WtltSiJffi^Sc 

[0i] *ftw*mwrztcti><Di8iMmT-&Zo 

[0 2] *%BJ§£tftB£f Sfe«>©»rB0T-&5. 
[0 3] *^BJS:a5iB^-ri.fe«)©»r@0T-$.S. 

[04] i£^ftKw*-4fc®©®»isre*s. 

[0 5] S£3fe0!j£i5iB^-r5*:»©»faET-feS. 




( 5 ) 

[02] 

36 37 38 4 . 45 42 «4 46 35 34 




ftfflW- 10-107168 
[04] 




GND 




I. 




.■few 



